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Detailed report 

1. Name of the invention 

manufacturing method of optical master disk 

2. Sphere of patent request 
(requested clause 1) 

This invention is regarding the field of optical master disks. In manufacturing 
optical master disks, grooves are formed on a master disk substrate with a photoresist 
layer. The disk is rotated and exposed to a light beam to develop the photoresist and 
expose a predermined pattern. This invention is regarding a manufacturing method for an 
optical master disk where the light beam does not have to be focussed on the plane of the 
photoresist. 

3. Detailed explanation of invention 
(field of industrial use) 
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This invention is regarding a manufacturing method for an optical master disk. In 
more detail, it is regarding a method of exposing a photoresist layer on a master disk by 
using a light beam to form grooves on the optical master disk. 

(prior art) 

In many cases optical disks, especially rewritabe optical disks, have grooves which 
are used for locating tracks for guiding the optical pick during recording and retriving 
information. Generally, narrow grooves are approximately 0.4 jim wide and wide grooves 
are approximately 1.2 ^m wide. The grooves are formed by a process like focussing a 
laser beam on the master disk with photoresist and exposing a predermined portion of the 
photoresist. However, the focused laser beam makes a small diameter spot on the 
photoresist. Therefore, it is difficult to use it for forming wide grooves. Current methids 
of forming wide grooves include a method which uses two laser beams on the photorest 
layer of optical master disk. The two lasers are aligned so that the spots formed by the 
beams overwlap. (For example, Japan patent No. S 63-10500) 

(problems that this invention tries to solve) 

However, a big problem with this method is that tah groove width cannot be 
controlled accurately since the groove width depends on the accuracy of the two spots, 
that is, the mechanical accuracy of the aiming device. 

This invention was made under such circumstances, and its object is to offer a 
manufacturing method for an optical master disk which can control the width of wide 
grooves accuracy. 

(steps for solving problems) 

The manufacturing method for an optical master disk in this invention adjusts the 
focus of the laser so that the beam waist does not occur in the plane of the photoresist. 
The light beam exposees the photoresit at a position other than the beam waist. 

(function) 

In the master disk cutting process, much attention has been given to directing 
narrow beams to exposing as much as possible because of the demand for high density 
recording. Since exposing wide grooves has been attempted by using this narrow beam, it 
has been difficult to form wide grooves with the desired width by a single exposure. 
Therefore, the method above is modified so that, when exposing a wide groove, the light 
beam is not focussed on the plane of the photoresist layer. By increasing the spot 
diameter on the photoresist layer, a groove with the desired Avidth is formed by a single 
exposure. By this, without using multiple light beams, an exposing operation which 
produces a sufficiently wide groove can be performed. Therefore, control of groove width 
in this operation will be easier. 

(example of practice) 

In the following, one example of practice of this invention is going to be explained 
using a figure. 
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Generally, the manufacturing process for optical disks is divided into a mastering 
process which forms the stamper copying disks, and a replication process for actually 
producing disks. (See figure 2) The mastering process starts with processing and 
polishing a glass master (SI). Next, photoresist (S2) is applied, and exposing by laser 
beam (S3) is done. After that, development (S4) is done, and the surface is made 
conductive by a nickel thin fihn. It is then electroplated with nickel (S5), and stamper 
necessary for copying is manufactured. The following process which produces copies of 
the disk using this stamper is the replication process. 

The mastering device for the glass master according to this invention is explained 
below. As shown in figure 3, the amount of light fi-om the laser beam 14 firom the light 
source 13 is controlled by an EO modulator 15, and it is reflected by a mirror 16. Next, it 
is directed to a beam expander 17, and the beam diameter is enlarged so that it will have 
an effective umerical aperture. After that, the laser beam 14 is directed to a coUimating 
lense 18, and its focus is adjusted by a focus controling device 19, and it directed to the 
surface of the photoresist layer 12 on the rotating master disk 11. This exposes a 
predermined pattern of the photoresist layer 12. 

Exposing the photoresist layer 12 using the laser beam 14 is normally done by 
focussing the beam at the plane of the photo resist layer 12. However, when a wide 
tracking groove (approximately 1.2 jxm width) is desired, depending on the focussed spot 
size, sometimes the desired groove width cannot be obtained. 

Therefore, in the method in this invention, as shown in figure 1(A), when a wide 
groove is to be exposed, the photoresist layer 12 is in a position other than the focus 
position 20, and a wide area is exposed by a bog spot. The direction the substarte is 
moved from the focus 20 could be either closer to the light assembling lense 18 or in the 
opposuite direction. However, if the substrate is moved away from the light assembling 
lense 18, a groove which has a sectional shape with better reflectivity can be obtained. As 
shown in figure 1(B), the intensity distribution of the laser beam 14 has a moderately 
curved skirt at the bottom. Becuase of this, at the edge of the groove 21, the amount of 
light will chang moderately. The sectional shape of the groove 21 after developing is has a 
shoulder 22 at the edge of the groove 21. The shape of the shoulder is a moderately 
curved line as shown in figure 1(C). Accordingly, since the sholder 22 at the edge of the 
groove 21 is moderately curved, the reflectivity of the groove in the optical disk formed by 
the method in this example of practice is higher than former products, and it is possible to 
improve servo tracking. 

In the method in the example of practice above, the width of the groove 21 is 
controlled by directing coUimated light to the optical disk during developmetn and 
monitoring diffracted light firom the groove 21, Therefore, it is possible to form a groove 
21 withe the desired width with more accuracy. Also, the diflfracted light could be either 
reflcted or transmitted. 

The materials for the master disk 1 1 with the photoresis layer 12 is not limited to 
glass, and various materials which can be coated with photoresist could be used. 

Also, the method in this invention can be applied not only to manufacturing 
rewritable disks, but it can also be used for read only optical disks with wide grooves. 
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(eflFects of this invention) 

As explained above, the manufacturing method for an optical master disk of this 
invention cah form a wide groove with a single exposure by defocussing the light beam to 
form a larger spot on the photoresist layer. Therefore, a wide groove can be exposed in a 
single pass by a single light beam. Because of this, it is not necessary to rely on 
inacccurate mastering techniques such as using multi beam spots. It is possible to control 
groove width to the desired value with high accuracy. 

4. Simple explanation of figures 

Figure 1 (A), (B), (C) are outlines for explaning the manufacturing method for an optical 
master disk according to the example of practice of this invention. Figure 2 is a flow chart 
for explaning each manufacturing process for manufacturing the optical disk. Figure 3 is a 
block diagram which shows a device for implementing the example of practice of this 
invention. 

11: master disk, 12: photoresist layer, 13: light source, 14: laser beam, 18: light 
assembling lense, 19: focus control, 20: beam focus, 21: groove 
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